Background: South Asians represent about 3% of the Canadian population and have a higher burden of certain cardiovascular risk factors and cardiovascular disease (CVD) compared with white people. The objective of this study was to review the literature to compare cardiovascular risk factors and disease management practices among adult South Asian and white Canadians.
A lmost 1 million South Asian people live in Canada (3% of the Canadian population) and represent one of the country's fastest growing ethnic groups. 1 Of the approximately 70% born outside Canada, 75% immigrated to Canada in the last 20 years. 1 Evidence collected over the last 20 years suggests that rates of cardiovascular disease (CVD) and health behaviours vary among ethnic groups in Canada and that adoption of health behaviours typical of Western countries may promote the development of cardiometabolic risk factors among various ethnic groups. 2 Initial research suggests that one group in particular, South Asians (i.e., people originating from India, Pakistan, Sri Lanka, Nepal and Bangladesh) have higher CVD rates than other groups, [2] [3] [4] [5] and these differences persist in their offspring. 6 South Asian people also have more severe CVD, present with the disease at younger ages and, in some contexts, have differential access to diagnostic and treatment services compared with non-South Asian people. [7] [8] [9] The health of the South Asian population is of great importance to Canadian society, and it is important to quantify their risk of CVD to inform health promotion strategies. We systematically reviewed the literature comparing South Asian people with white people living in Canada with respect to CVD risk factors, management, access to diagnostic testing and adherence to cardiac rehabilitation programs.
In consultation with an information specialist, we developed search terms for MEDLINE, Embase, the Cumulative Index to Nursing and Allied Health Literature and the Cochrane Registry databases to identify human studies reporting associations among South Asian ethnicity, CVD risk factors and CVD. The initial search (conducted May 21, 2013) captured articles from database inception through May 2013; at the request of the CMAJ Open editors, the search was updated through to Feb. 17, 2014 (Appendix 1, available online at www.cmajopen.ca/content/2/3/E183/suppl/DC1). Three investigators (A.R., R.dS. and S.S.A.) each screened a third of the titles and abstracts of the studies identified in the electronic search to arrive at a list of articles for full-text review. The same 3 reviewers assessed the eligibility of these fulltext articles. Disagreements were resolved by discussion and consensus. Studies that were not published as full reports, such as conference abstracts and letters to the editor, were excluded.
Pairs of reviewers independently extracted study design characteristics and main results from each study. Missing variance measures were imputed using published formulae.
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Quality assessment and meta-analysis
Three reviewers independently assessed the risk of bias of each of the included studies on a scale from 1 (high risk) to 7 (low risk) and discussed their assessments to achieve consensus. A score for quality, modified from the NewcastleOttawa scale, 11 was used to assess appropriateness of research design, recruitment strategy, response rate, representativeness of sample, objectivity/reliability of outcome determination, power calculation provided, and appropriate statistical analyses. Inverse variance random-effects weighted meta-analysis was done for both continuous and dichotomous outcomes (Review Manager, v. 5.2). The summary effect measures were the mean difference (MD) and 95% confidence interval (CI) for continuous outcomes: systolic blood pressure, diastolic blood pressure, total cholesterol, low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol, triglycerides, fasting blood levels of insulin and glucose, homeostasis model assessment of insulin resistance, body mass index (BMI), percentage body fat, waist-to-hip ratio and C-reactive protein. For dichotomous outcomes -smoking, diabetes mellitus, hypertension and obesity -the summary effect measures were the prevalence odds ratio (OR) and 95% CIs. Age-and sex-adjusted estimates were preferred. The presence of heterogeneity was assessed using Cochran's Q test (considered significant at the p < 0.1 level) and quantified using the I 2 statistic (ranging from 0% to 100%) using the cut-off points for important heterogeneity described by Higgins and colleagues. 12 Because of the small number of studies, the prevalence and incidence of CVD, the prevalence of impaired fasting glucose and impaired glucose tolerance and summaries of differences in lipoprotein(a), the ratio of apolipoprotein B to apolipoprotein A-1, plasminogen activator inhibitor-1, physical inactivity, dietary intake and management of CVD were reviewed but not meta-analyzed.
Heterogeneity was explored through preplanned sensitivity analyses limited to high-quality studies (quality score ≥ 5) and by stratifying analyses by study type (administrative database v. cross-sectional) and sampling mechanism (random v. convenience). Heterogeneity is reported in Appendix 2, eTable 1 (www.cmajopen.ca/content/2/3/E183/suppl/DC1). Secondary analyses examining heterogeneity are reported in Appendix 2, eTable 2 and Appendix 3 (www.cmajopen.ca/content /2/3/E183/suppl/DC1).
Results
The search identified 22 221 potentially relevant articles, 22 116 of which were excluded after abstract review, leaving 105 for full-text review. Of these, 55 articles were excluded ( Figure 1 ). The 50 included studies (n = 5 805 313 individuals) (Appendix 4, www.cmajopen.ca/content/2/3/E183/suppl /DC1) covered a long period, 1979 to 2007. Of these studies, 21 (42%) were cross-sectional, 24 (48%) were retrospective chart or database reviews, 2 (4%) were prospective cohort studies, 2 (4%) were descriptive studies and 1 (2%) was a case-control study.
Prevalence and incidence of heart disease
Compared with white people, South Asian people in Canada had a higher age-standardized incidence of acute myocardial infarction (MI): 4.97 events per 1000 population per year among South Asian men versus 3.29 among white men (p < 0.001); 2.35 events per 1000 population per year among South Asian women versus 1.53 among white women (p = 0.01). 13 The prevalence of CVD (defined as a history of MI, angina, silent MI, percutaneous transluminal coronary angioplasty, coronary artery bypass grafting or stroke) was also higher among South Asian people: 5.7% to 10.0% versus 5.4% to 5.7% among white people (p < 0.05) 3,4,14 (see Appendix 3 for details). Furthermore, from 1979 to 1993, sex-standardized rates of mortality from coronary disease were higher among South Asian people compared with white people: men, 42% versus 29% (p < 0.001); women, 29% versus 19% (p < 0.001).
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Risk factors
BMI and abdominal obesity
Although the BMIs of South Asian Canadians were similar to those of white Canadians (men: MD -0.52, 95% CI -1.51 to 0.47, p = 0.31; women: MD -0.14, 95% CI -0.99 to 0.74, p = 0.77) (Figure 2) , 3, 14, [16] [17] [18] [19] South Asian people had a higher percentage body fat compared with white people (Figure 3 ) 16, 17, 20 (men: absolute MD 3.23%, 95% CI 0.83% to 5.62%, p = 0.008; women: absolute MD 4.09%, 95% CI 3.46% to 4.72%, p < 0.001) and South Asian women had a higher waist-to-hip ratio 3, [16] [17] [18] 20 (MD 0.02, 95% CI 0.01 to 0.04, p = 0.005). The prevalence of obesity (BMI ≥ 30)
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Research CMAJ OPEN was lower among South Asian people (OR 0.62, 95% CI 0.40 to 0.96, p = 0.03). No significant differences were found in waist-to-hip ratio 3, [16] [17] [18] 20 between South Asian and white men or in sex-specific waist circumference 14, [17] [18] [19] [20] 22, 23 (Appendix 2, eTable 1).
Fat distribution
South Asian men had a higher mean total abdominal adipose tissue than white men (439.7 cm 2 , standard deviation [SD] 169.5 cm 2 v. 369.1 cm 2 , SD 164.0 cm 2 , p = 0.003), although there was no difference between South Asian and white women. 24, 25 Further-more, South Asian people had less subcutaneous adipose tissue (as a percentage of total abdominal adipose tissue) than white people (MD -2.94%, 95% CI -5.56% to -0.32%, p < 0.05) and 17% more deep subcutaneous and visceral fat relative to superficial subcutaneous fat 20, 26 (Appendix 3). (Appendix 2, eTables 1 and 2). However, South Asian people
Type 2 diabetes and impaired glucose tolerance
Excluded n = 55
• conducted outside of Canada n = 14
• did not study CVD prevalence or risk factors n = 12
• did not deal with adult population n = 8
• did not compare South Asian with white people n = 15
• other reasons (e.g., work in progress or incomplete papers) n = 6
Records identified in initial database search n = 22 221
Additional records identified through other sources n = 0
Titles and abstracts screened n = 20 787
Excluded n = 20 682
• conducted outside of Canada • did not study CVD prevalence or risk factors • did not deal with adult population • did not include South Asian population
Full-text articles assessed for eligibility n = 105
Studies included in synthesis n = 50
Excluded n = 1434
• duplicate reports 
Diagnosis, management and outcomes
South Asian people appeared to delay presentation to hospital with symptoms of acute MI. The median time from symptom onset to presentation to a hospital in a southern Ontario sample 9 was about 1 hour longer for South Asian people than white people (3.92 h v. 3.08 h, p = 0.04). Once in hospital, however, South Asian people and white people had similar access to diagnostic procedures and interventions 2, 7, 8, 27 for CVD, although there was some practice and outcome variation between provinces (Appendix 3). Following hospital admission for acute coronary syndrome, South Asians had higher short-term (< 1 yr) recurrent event rates, including readmission to hospital and recurrent angina, compared with white people. 
Interpretation
This review shows that South Asian people living in Canada have a higher prevalence and incidence of CVD compared with white people 2, 15 and possess a unique CVD risk profile. However, some inter-study variation exists in these results; we attribute this to differences in classification of ethnicity (i.e., self-report v. direct assessment v. surname classification), heterogeneity of South Asian populations (i.e., Pakistani v. Indian v. Bangladeshi) and differences in classification of outcomes (self-report v. health administrative data). This variation emphasizes the need to develop a standardized surveillance system for non-communicable diseases, such as CVD, cancer and lung diseases, by ethnic group in Canada. 59 Such a system would generate information that would help shape health services, policies and programs aimed at particularly high-risk ethnic groups. 
Explanation and comparison with other studies
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higher percentage of body fat; higher visceral adiposity; a higher ratio of apolipoprotein B to apolipoprotein A-1; higher carbohydrate intake; lower HDL cholesterol levels; and lower levels of physical activity, all of which contribute to the etiology of CVD in this ethnic group. However, South Asian people in Canada are less likely than white people to smoke cigarettes. The sparse data available do not support differences in total cholesterol or LDL cholesterol levels between South Asian and white Canadians. Although South Asian Canadians have conventionally "normal" BMI ranges, they have a higher percentage of body fat, increased visceral abdominal fat and greater insulin resistance 4,60 compared with white people; these findings are consistent with those of US 61, 62 and British 63 studies of immigrant South Asian populations. Greater insulin resistance in South Asian people may result from altered levels and actions of adipokines. 64 The predisposition of South Asian people to this cardiometabolic risk profile may be a result of complex biological interactions between genetic and environmental factors. A comparative study showed that a greater proportion of newborns in South India have excessive body fat and higher umbilical cord blood insulin compared with white babies born in the United Kingdom, 65 which suggests that insulin resistance develops in South Asian people in early infancy and portends increased risk of diabetes and CVD. 66 Despite lower BMI, waist circumference and body weight, Canadian South Asian adolescents have higher triglyceride and lower HDL cholesterol levels than white adolescents, which shows that the adverse risk factor profile develops early among South Asians. 6 The South Asian Birth Cohort (START) study 67 7 following an acute MI but are more likely to undergo angiography or cardiac catheterization at 30 days and 1 year after acute MI. 8 However, a study in the greater Toronto area 9 showed that South Asian and white people were equally likely to undergo angiography. We found no differences in short-or long-term mortality after MI; however, more data are required to understand the short-term clinical patterns after MI among South Asian people in Canada, as this may reflect variations in health systems. UK studies [68] [69] [70] are conflicting: some show higher postoperative mortality among South Asian patients, 70 whereas others show similar mortality rates between Asian and white patients. 69 UK studies 71 suggest that South Asian people are less adherent to cardiac rehabilitation programs than white people. Moreover, South Asian people with established CVD report worse health-related quality-of-life outcomes 1 year after angiography than white people with CVD. 56 Lack of knowledge of the severity of CVD, differences in illness perception, lack of social support and stress associated with migration to Canada 53,72-74 may contribute to this poor adherence.
Strengths and limitations
In this review, we pooled data from the largest studies of CVD risk in South Asian Canadians and examined sources of clinical and methodological heterogeneity. Our findings are generally consistent with UK [68] [69] [70] [71] and US 61 studies. Limitations of this review include the low number of large studies of South Asian people living in Canada, the diversity of study designs and sampling schema and the lack of standardized measures of race or ethnicity (some studies based ethnicity on self-reporting, while others used an algorithm taking into account surnames and birthplace).
Substantial heterogeneity existed for most outcomes. The body of evidence posed particular problems with respect to methodologic and clinical heterogeneity because of differences in study design, sampling mechanisms and patient characteristics. The values for the I 2 statistic were frequently in the 75% to 90% range, which signifies considerable unexplained heterogeneity. To maximize our ability to synthesize the data quantitatively, we combined cross-sectional, database, prospective and case-control studies. To accommodate this, we metaanalyzed the cross-sectional (i.e., single time point) associations between ethnicity and the risk factors.
We acknowledge that the populations in the individual studies may differ with respect to clinical characteristics, including age (45 to 60 yr), BMI range (24 to 28) and waist circumference (80 to 100 cm for men and 72 to 94 cm for women). Heterogeneity was explored through sensitivity analy ses by study quality, and subgroup analyses by study types and sampling mechanisms (Appendix 2).
Despite the high level of heterogeneity, some important consistencies were found. First, in most individual studies, the point estimates were consistent with higher insulin, triglyceride and HDL cholesterol levels and a higher ratio of total cholesterol to HDL cholesterol in South Asian people than in white people. Second, when the analyses were stratified by sampling mechanism, the unexplained heterogeneity in adiposity was reduced to almost 0%. Residual differences may be attributable to lack of standardized definitions of ethnicity and varying study designs.
Conclusion
Compared with white people, South Asian people living in Canada have a higher prevalence and incidence of CVD, have twice the burden of diabetes and have a different cardiovascular risk profile. Given the increased prevalence and mortality associated with CVD among South Asian people living in Canada, etiologic studies to understand the development of these risk factors among children and youth and intervention strategies to reduce risk factors and CVD among this high-risk group are needed.
